Three levels of dietary P (.12%, .24% and .48% of dry matter) and three levels of roughage as ground corn cobs (25'?/0 50% and 75% of dry matter) were fed in a 3 X 3 factorial metabolism trial, utilizing 36 crossbred (Hampshire X Columbia) intact male lambs, 6 to 9 mo of age. All diets contained cane molasses (5%), blood meal (13.5%), urea (1%), corn oil (1%) and salt (.5%). Limestone supplied supplemental Ca and treatment P levels were supplied by monosodium phosphate. Equal levels of corn starch and cerelose supplied the remainder of the diet. The diet was fed ad libitum, once daily. The highest P level (.48% P) resulted in a negative (P<.01) Ca balance (-.23 g/d vs .12 g/d for .12% P and .31 g/d for .24% P groups), and apparent digestibility (P<.O1) of Ca (1.65% vs 17.18 and 22.2% for the two respective lower P dietary levels). Blood serum concentrations of Ca and Mg decreased (P<.01) as dietary P level was increased. Apparent digestibility of Mg was decreased (P<.05) by the highest P level (6.9% vs 21.58% and 18.80% for the two lower levels of dietary P). Level of roughage had no effect on Ca and Mg utilization; however, the highest level (75% corn cobs) resulted in improved (P<.05) K balance (.85 g/d vs .30 and .50 g/d for the two lower levels of roughage). The change in K balance may have reflected, in part, the higher level of dietary K (.8% vs .35% and .57% in the diets with the lower levels of roughage) contained in the roughage. Neither digestibility nor blood serum concentrations of K was affected by roughage level. These data are interpreted to indicate the critical aspect of maintaining dietary P at optimal levels because greater than optimal levels can depress the utilization of Ca and Mg by sheep. This could be of critical importance when there is a potential for magnesium tetany. (Key Words: Phosphorus, Roughage, Calcium, Magnesium, Potassium, Lambs.)
I ntroduction
Basic information concerning Ca, P and Mg interrelationships in ruminant nutrition is limited (Chicco et al., ~L973) . Standish et al. (1971) reported decrea,;ed Ca absorption in steers and Radloff and Shokair (1973) observed depressed apparent Ca digestibility and retention in sheep with high dietary intake of P, whereas Hess et al. (1975) found no effect of high dietary intake of P on Ca utilization. High levels of dietary P have been shown to depress Mg absorption and serum Mg concentrations in sheep (Ewer, 1951; Chicco et al., 1973; Hess et al., 1973, 1.975 have indicated that P utilization may be influenced negatively by increased fiber consumption by man (Ismail-Beigi et al., 1977) ; much less in known concerning this aspect in ruminants. Lopes et al. (1985) indicated elevated roughage levels depressed P utilization in sheep. The purpose of this trial was to investigate the effects of dietary P and roughage levels upon Ca, Mg and K utilization by sheep.
Materials and Methods
Thirty-six crossbred (Hampshire • Columbia) intact male lambs, 6 to 8 mo of age, averaging 23.7 kg were used in metabolism trials. Three dietary dry matter levels of P (.12%, low; .24%, medium and .48%, high) and three dietary dry matter levels of roughage as corn cobs (25%, low; 50%, medium and 75%, high) were fed in a 3 • 3 factorial arrangement of treatments. Composition of the diets is shown in table 1. It should be noted that the Ca (.36 to .41%) and P (.23%) levels chosen at the medium P level for the trial provided a 1.5:1 ratio; in the low P group, halving the medium P level (.11 to .13% P) resulted in a 3.4:1 ratio; and in the high P group, doubling of the medium P level (.45 to .47% P) resulted in a 1:1.2 ratio of Ca:P. Thus, relatively narrow contrasts in ratios of Ca:P were utilized. The trial was carried out in three successive periods, with each perilod utilizing 12 lambs assigned to the nine treatments, with one lamb for each treatment plus one lamb for one of the nine treatments assigned at random. Each period utilized a differe.nt set of 12 lambs to avoid possible carryover effects. In the beginning of each experimental period, each lamb received an intramuscular injection of one million IU of vitamin D. In each period, a 15-d dietary adjustment, when the lambs were fed their respective diets individually in floored pens, preceded the 7-d collection. A 3-d adaptation in the metabolic cages was allowed before collections of urine and feces was begun. Complete diet (table 1) was offered ad libitum once daily, and leftover diet was removed, weighed and recorded before the next day's feed was offered.
Blood samples via !iugular puncture were obtained on the last day and body weights were obtained for each lamb on the first and last day of the 7-d collection. Blood serum was obtained by centrifugation and frozen for later analysis. Total fecal and urinary outputs were collected and measured daily for each lamb. Total daily urinary output was collected in a plastic container containing 100 ml of 30% (v/v) hydrochloric acid. Total daily fecal output and 10% of the total urinary output per day were stored in a cold room (5 C) to prevent decomposition until they were analyzed. Recommendations proposed by Fick et al. (1979) for collection, identification and preparation of samples, as well as precautions to avoid contamination errors, were followed. Diet, fecal and urinary samples were analyzed for Ca, Mg and K by atomic absorption spectrophotometry (Perkin-Elmer 360) following procedures recommended by Fick et al. (1979) . Data were analyzed statistically by using least-squares procedures (Harvey, 1975 ); treatment differences were tested by the Newman-Keuls' test (Steel and Torrie, 1980) . The model utilized was" Y = U + T + R + TR + P + TP + RP + b I (wt) + E, where U represents overall mean; T represents period, considering the experiment was conducted in three different periods; R represents roughage level; P represents phosphorus level; and wt represents body weight, a covariate.
Results and Discussion
Neither fecal nor urinary Ca excretion, expressed either as grams per day or percent of total excretion, were affected by dietary P level (table 2) . Other researchers have indicated increased dietary P intake decreased urinary Ca excretion (Bushman et al., 1965; Hess et al., 1973 Hess et al., , 1975 and increased fecal Ca excretion (Chicco et al., 1973) . However, in most of these citations, either much higher levels of P, or much wider ratios of Ca:P, were utilized. In contrast, Radloff and Shokair (1973) found that urinary Ca was not influenced by dietary P, for sheep. Both Ca balance and apparent Ca digestibility were higher (P<.01) for the animals fed the low and medium P diets as compared with those fed the high P diet. Lambs fed diets adequate in P (.24%) retained more Ca (P<.05), as percent of intake, than those fed a diet low in P (.12%). Young et al. (1966a,b) showed decreased Ca absorption by lambs fed low P diets; in addition Abdell-Haffeez et al. (1982) reported that a dietary P deficiency reduced the efficiency of intestinal Ca absorption in sheep, which was associated with a reduction in the plasma concentrations of 1, 25 (OH)2D 3. In contrast, results of research with nonruminants, including pigs (Fox and Care, 1978) chickens (Morrissey and Wasserman, 1971 ) and rats (Ribovich and DeLuca, 1975) , have indicated an increase in the efficiency of Ca absorption in response to a P deficiency, and this increase was associated with an increase in the amount of Ca-binding protein in the small intestine.
Data from table 2 show that Ca retention, expressed either in grams per day or percent of intake retained, as well as apparent Ca digestibility, were influenced adversely by high dietary P intake. Admittedly, this could be influenced by Ca:P ratio, although in this research the Ca:P ratio never exceeded 1:1.2. Similar findings were obtained previously by Standish et al. (1971) , who reported that a high P diet decreased (P<.01) Ca absorption in steers, and by Radloff and Shokair (1973) who observed depressed apparent Ca digestibility and retention after feeding high P diets to sheep. In contrast, Hess et al. (1975) found no effect of high dietary P intakes on Ca absorption and retention for sheep.
There is a long-held view that the ratio of Ca to P in the diet may be important for the proper absorption of these two elements (ARC, 1980) . Maynard et al. (1979) concluded from the literature that with adequate dietary vitamin D the ratio of Ca to P becomes of less importance, and more efficient utilization is made of the elements present in the diet. Ribovich and DeLuca (1975) also reported a beneficial effect from vitamin D. Because all lambs used in the present investigation received supplemental vitamin D, it is possible that the dietary Ca:P ratio (range of 1.5:1 to 1:1.2)did not contribute significantly to the depressed Ca utilization observed when the lambs were fed a high P diet (1:1.2, Ca:P ratio). Furthermore, it is difficult to separate the effects of a dietary Ca:P imbalance from that of excessive dietary P levels (NRC, 1980) . Many of the studies conducted with high levels of P have used inadequate levels of Ca simultaneously, and this could accentuate the problem.
Blood serum Ca concentrations decreased (P<.05) with each increment of dietary P (table 2). The high blood serum Ca concentrations observed for the lambs fed the low P diet agree with the results reported by Field et al. (1975) , who showed that a normal Ca, low P diet resulted in elevated plasma Ca in lambs. In contrast, there is considerable evidence in the literature that elevated dietary P intake results in a significant decrease in blood serum Ca concentrations of lambs, as observed in the present investigation (Bushman et al., 1965; Hoar et al., 1969; Chicco et al., 1973; Radloff and Shokair, 1973; Hess et al., 1975) . Similar results have been reported for rats (Sie et al., 1974; Summer and Clawson, 1981) .
Dietary roughage level exerted no effect on Ca utilization in the present trial (table 3) . However, Ca retention, either expressed in grams per day or percent of dietary Ca retained, tended to decrease as the dietary roughage level increased. Axelsson and Eriksson (1979) also reported that high dietary fiber intakes tended to depress Ca absorption. A number of investigations have indicated adverse effects of high fiber dietary intakes on Ca utilization and absorption by man (McCance and Widdowson, 1942; Reinhold et al., 1976; Ismail-Beigi et al., 1977) .
Elevated P levels resulted in decreased (P<.05) blood serum Mg concentrations (table  4) , regardless of the roughage content of the diet. Dietary P level exerted no significant effect on fecal and urinary Mg excretion. This does not agree with previous reports by Hess et al. (1973 Hess et al. ( , 1975 , who observed that lambs fed high P diets had lower Mg urinary levels. Magnesium retention, either when expressed in grams per day or percent of dietary intake retained, was not affected by the P content of the diets (table 4); apparent Mg digestibility was lower (P<.05) for lambs fed the high P diets. Blood serum Mg concentrations decreased (Ewer, 1951; Chicco et al., 1973; Hess et al., 1973 Hess et al., , 1975 . It has been shown also with laboratory animals (guinea pigs and rats), that an increase of dietary Ca or P, or both, will lower apparent Mg absorption (O'Dell et al., 1960; Toothill, 1963) . Dietary roughage level exerted no significant effect on Mg metabolism in the present investigation. Dietary P level had no effect on either K balance or on blood serum K concentrations.
Fecal K was lower (P<.01) for the lambs fed the low roughage diet than for those fed the medium and high roughage diets (table 5), but could be a reflection of lower K intake (.35% K, low roughage diet; .57% K, medium roughage diet; .80% K, high roughage diet, Telle et al. (1964) and Campbell and Roberts (1965) . The important conclusion from this research is the critical aspect either of not providing greater than accepted optimal levels of dietary P, or of maintaining the dietary levels of Ca and P in the proper proportions. Under the conditions of this research, the highest level of dietary P resulted in poorer utilization of both Ca and Mg. Where magnesium tetany is apt to occur, for instance, the decreased utilization of Mg due to slightly elevated levels of P could pose a serious problem for sheep or cattle.
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